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METHOD AND DEVICE FOR CARRYING OUT SURFACE PLASMON RESONANCE 
MEASUREMENT 

FIELD OF THE INVENTION 

The invention relates to a method for carrying out surface plasmon 
5 resonance measurement according to the preamble of claim 1 and to a device 
for carrying out surface plasmon resonance measurement according to the 
preamble of claim 1 1 . 

BACKGROUND OF THE INVENTION 

The surface plasmon is a particular kind of electromagnetic wave 

10 which propagates along the surface of a metal (H. Raether, "Surface plasmons 
on smooth and rough surface and on gratings", Springer-Verlag ISBN 3-540- 
1760-3, Berlin, 1998). Optical excitation of the surface plasmon can be 
achieved if a p-polarized, collimated light beam undergoes total reflection on 
the surface of glass substrate (for example a prism) coated with a thin metal 

15 film (so-called Kretschmann configuration). The momentum of photons should 
match the surface plasmons on the opposite surface of the metal film in order 
to make this possible. This occurs for a certain wavelength at a critical angle of 
incidence of light. The phenomenon is observed as a sharp minimum in the 
intensity of the reflected light when the angle of the incidence (the angle be- 

20 tween the surface of the glass substrate and the light) is varied. The angle or 
wavelength at which this dip occurs depends decisively on the properties of the 
surface layer on the top of the metal film, and therefore the phenomenon can 
be used to monitor changes on this surface layer caused e.g. by a specific 
chemical or biological reaction or by the change of concentration of some sub- 

25 stance in the immediate vicinity of this surface. 

Figure 1 shows the principle of an arrangement for surface plasmon 
resonance measurement. In figure 1 is a beam 1 of electromagnetic radiation 
(e.g. a laser beam) produced by a source 2 for electromagnetic radiation (e.g. 
a laser) directed in an angle (a1; a2) of incidence in relation to the surface 4 

30 through a part 3 transparent for said radiation, a semi-circular prism 3, onto a 
metal film 5 on the surface 4 of the prism 3. The beam 1 of electromagnetic 
radiation is reflected on the surface 4 of the prism 3. When the beam 1 of elec- 
tromagnetic radiation is reflected on the surface 4 of the prism 3, the surface 4 
produces and directs a beam 6 of reflected electromagnetic radiation at an an- 

35 gle (a1; a2) of reflection (which is equally large as the angle (a1; a2) of inci- 
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dence) in relation to the surface 4 through the prism 3 and further to a detector 
7 for detecting the intensity of the beam 6 of reflected electromagnetic radia- 
tion. Surface plasmons are excited on the opposite surface of the material 
layer 5 by electromagnetic radiation undergoing total internal reflection (TIR) at 
5 the surface 4. Material layer 5 and possible additional layers are inside the in- 
fluence zone of the evanescent field associated with the TIR. 

One of the problems associated with the above arrangement is that 
if the prism 3 and with it the surface 4 and material layer 5 is rotated an angle 
P in relation to the source 2 of electromagnetic radiation, the detector 7 for col- 

10 lecting the beam of reflected electromagnetic radiation should be rotated an 
angle y in relation to the surface 4, which is equal twice the angle 0 of rotation 
of the prism 3 itself. In other words, when prism 3 is rotated an angle 3, the 
surface 4 of the prism 3 is also rotated an angle (3, which leads to that the old 
angle a1 of incidence between the beam 1 of electromagnetic radiation and 

15 the surface 4 and material layer 5 changes to a new angle a2 of incidence be- 
tween the beam 1 of electromagnetic radiation and the surface 4 and corre- 
spondingly to that the old angle a1 of reflection between the beam 6 of re- 
flected electromagnetic radiation and the surface 4 changes to a new angle a2 
of reflection between the beam 6 of reflected electromagnetic radiation and the 

20 surface 4. This leads to that the angle (not marked with a reference numeral) 
between the beam 1 of electromagnetic radiation and the beam 6 of reflected 
electromagnetic radiation changes. In order to collect a beam 1 of electromag- 
netic radiation produced by the source 2 and reflected as an beam 6 of elec- 
tromagnetic radiation by the surface 4, the detector 7 has therefore to be ro- 

25 tated an angle y, which is twice the angle (3 of the rotation of the prism itself in 
the arrangement shown in figure 1 . 

In the example in figure 1 this means that if the prism is rotated anti- 
clockwise 20 degrees about an axis of rotation 12 (the source of electromag- 
netic radiation is not rotated) the beam 1 of electromagnetic radiation from the 

30 source 4 enters the prism and strikes the material layer 5 on the surface 4 at 
an angle of incidence rotated 20 degrees clockwise compared to the non- 
rotated state and this leads to that the reflected beam exists the prism at an 
angle of reflection, which is rotated 40 degrees anti-clockwise compared to the 
non-rotated state. In the example in figure 1, the new angle a2 of incidence is 

35 20 degrees sharper than the old angle a1 of incidence and correspondingly the 
new angle a2 of reflection is 20 degrees sharper than the old angle ct1 of re- 
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flection. The angle between the new angle a2 of incidence and the new angle 
of a2 of reflection is therefore 40 degrees larger than the angle between the 
old angle a1 of incidence and the old angle of a1 of reflection. This is why the 
detector has to be rotated 40 degrees (twice as much as the angle of rotation 
5 of the prism 3) in relation to the source 1 . 

A solution to this problem is to have a rotating arrangement which, 
when the angle of the source is rotated rotates the detector 7 an angle, which 
is twice the angle of the rotation of the source 4. This solution is mechanically 
complex. 

10 BRIEF DESCRIPTION OF THE INVENTION 

It is thus an object of the present invention to provide a method and 
a device for carrying out surface plasmon resonance measurement so as to 
solve the above problem. 

The objects of the invention are achieved by a method and a device 
15 for carrying out surface plasmon resonance measurement, which are charac- 
terized by what is stated in the independent claims 1 and 1 1 . 

The preferred embodiments of the invention are disclosed in the de- 
pendent claims. 

The invention is based on the idea of reflecting the beam of re- 
20 fleeted electromagnetic radiation with a mirror to the detector, in other word to 
direct the beam of reflected electromagnetic radiation with a mirror to the de- 
tector. 

In an arrangement, where the prism is a semi-circular prism, having 
a plane surface with material layer and with a longitudinal midline and the 
25 beam of electromagnetic radiation is directed perpendicularly on said longitu- 
dinal midline and where the mirror is a planar mirror arranged in plane parallel 
relationship with said plane surface, after the prism the beam of reflected elec- 
tromagnetic radiation strikes the mirror and is reflected to the direction, which 
is parallel to the primary direction i.e. the direction of the beam of electromag- 
30 netic radiation produced by the source of electromagnetic radiation. 

Alternatively the mirror and the surface of the prism may be non- 
parallel. In such an embodiment the beams of electromagnetic radiation pro- 
duced by the source of electromagnetic radiation and the beams of reflected 
electromagnetic radiation produced (reflected) by the mirror will be non- 
35 parallel. In addition will a beam of reflected electromagnetic radiation produced 



(reflected) by the mirror be directed in a direction (angle), which is dependent 
on the angle of incidence of the beam of electromagnetic radiation produced 
by the source of electromagnetic radiation. This means that depending on the 
angle of incidence of the beam of electromagnetic radiation produced by the 
source of electromagnetic radiation, a beam of reflected electromagnetic radia- 
tion produced (reflected) by the mirror will be directed in certain direction (an- 
gle). When the prism is rotated together with the mirror in relation to the source 
of electromagnetic radiation and the detector to achieve a surface plasmon 
resonance phenomenon, the angle (a1; a2 in figure 1 and 2) of incidence of 
the beam of electromagnetic radiation produced by the source of electromag- 
netic radiation will change with the rotation and so also the direction (a3; a4 in 
figure 1 and 2) of the beam of reflected electromagnetic radiation produced 
(reflected) by the mirror. The rotation (angle p in figure 1 and 2) to achieve a 
surface plasmon resonance phenomenon is however normally quite small, for 
example 10 degrees. Therefore it is easy to set the mirror in relation to the de- 
tector in such way that the beams are directed from the surface of the prism 
via the mirror to the detector for all angles within angles within a given range of 
angles applicable in surface plasmon measurements. 

The prism and the mirror can be permanently fixed together and ro- 
tated in front of a source of electromagnetic radiation (e.g. a laser) on one side 
and the detector on the other side. Alternatively can the source of electromag- 
netic radiation and the detector be permanently fixed together and rotated in 
relation to the prism and the mirror. 

An advantage of the invention is that it enables the beam of the re- 
flected electromagnetic radiation to be directed to the detector in a mechani- 
cally simple way. The mirror can for example be arranged in fixed relationship 
with the material layer on the prism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention will be described in greater detail by 
means of preferred embodiments with reference to the attached drawings, in 
which 

Figure 1 shows the principle of device without a mirror; 
Figure 2 shows the principle of the invention; 

Figure 3 shows an apparatus for detecting the presence of analytes 
in a sample; and 



Figure 4 shows a schematic representation of a material layer with 
biomolecules. 



DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to a method for carrying out surface plasmon 
resonance measurement. 

In the method a beam 1 of electromagnetic radiation is produced by 
a source 2 of electromagnetic radiation. The beam 1 of electromagnetic radia- 
tion is directed through a prism 3 onto a material layer 5 in an angle (a1; a2) of 
incidence. The material layer 5 covers at least partly a planar surface 4 of the 
prism 3. A surface resonance phenomenon is caused in the material layer 5. A 
beam 6 of reflected electromagnetic radiation is reflected by the planar surface 
4 in an angle (a1 ; a2) of reflection through the prism 3 and further to a detector 
7 for detecting the level of intensity of the beam 6 of reflected electromagnetic 
radiation. The change of intensity of the beam 6 of reflected electromagnetic 
radiation, caused by the surface resonance phenomenon, is measured. The 
angle (a1 ; a2) of incidence is equally large as the angle (a1 ; a2) of reflection. 

In the method for carrying out surface plasmon resonance meas- 
urement the beam 6 of reflected electromagnetic radiation is reflected with a 
mirror 8 to the detector 7. 

In figure 2 is a planar mirror 8 used and the planar mirror 8 is ar- 
ranged plane parallel relation to the planar surface 4. This leads to that the 
beam 6 of reflected electromagnetic radiation strikes the planar mirror 8 in a 
second angle (a3; a4) of incidence, which is equally large as the angle (a1; a2) 
of reflection and to that the planar mirror 8 reflects the beam 6 of reflected 
electromagnetic radiation in a second angle (a3; a4) of reflection, which is 
equally large as the second angle (a3; a4) of incidence. In figure 2 are the 
beam 1 of electromagnetic radiation produced by a source 2 of electromag- 
netic radiation and the beam 6 of reflected electromagnetic radiation reflected 
by the mirror 8 therefore parallel. 

Alternatively, the planar mirror 8 may be in a non-parallel, tilted rela- 
tionship to the planar surface 4. In this embodiment the mirror 8 is set in rela- 
tion to the planar surface 4 so that the beam 6 of reflected electromagnetic 
radiation is directed to the detector 7. The mirror 8 is preferably set in relation 
to the planar surface 4 so that beams 6 of reflected electromagnetic radiation 
in an angular range is directed to, the detector 7. 
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The source 2 of electromagnetic radiation is preferably, but not nec- 
essary, a laser. 

The material layer 5 is preferably a metal film, preferably but not 
necessary, containing Au. Other SPR-compatible materials can also be used. 
5 The detector 7 used in the method is preferable, but not necessary, 

a detector capable of detecting beams 6 of reflected electromagnetic radiation 
reaching the detector at a certain area, for example 10x10 mm in size. The 
detector 7 is preferable, but not necessary a silicon detector, fibre optics bun- 
dle or any other light collecting and detecting device. 

10 The prism 3 in the figures is a semi-cylindrical prism 3 having a pla- 

nar surface 4 having a longitudinal midline 9. The beam 1 of electromagnetic 
radiation is in figure 1 and 2 directed onto the longitudinal midline 9. 

In the method the prism 3 and the mirror 8 are preferably, but not 
necessary rotated together with respect to the source 2 of electromagnetic ra- 

15 diation and the detector 7 or vice versa about an axis of rotation 12, so that the 
angle (a1; a2) of incidence varies to acheive a surface plasmon resonance 
phenomenon. 

In figure 2 the prism 3 is a semi-cylindrical prism 3 having a planar 
surface 4 having a longitudinal midline 9. The beam 1 of electromagnetic radia- 
20 tion is directed onto the longitudinal midline 9 and the prism 3 and the mirror 8 
are together rotated about an axis of rotation 12, which also is the longitudinal 
midline 9 of planar surface 4 of the semi-cylindrical prism 3 so that the angle 
(a1; a2) of incidence varies to acheive a surface plasmon resonance phe- 
nomenon. 

25 In figure 3 the source 2 of electromagnetic radiation and the detec- 

tor 7 can be rotated together with respect to the prism 3 and the mirror 8 so 
that the angle (a1; a2) of incidence varies to acheive a surface plasmon reso- 
nance phenomenon. 

The method of the invention can for example be used as a method 
30 (or in a method) for detecting the presence of analytes 13 in a sample (not 
marked with a reference numeral). This can be made by arranging a sensor 1 1 
for detecting the presence of analytes 13 in a sample in functional contact with 
the material layer 5. 

The sensor is preferably, but not necessary the sensor presented in 
35 the application PCT/FI02/00763. 

The sensor shown in figure 4 comprise biomolecules 14 capable of 



binding a specific analyte 13 to the biomolecules 14 and the sensor may so be 
capable of causing a change on the material layer 5 to which it is in functional 
contact, indicative of an increase of analyte bound to the biomolecules 14. A 
sample containing analytes is fed to the sensor causing analytes 13 to bound 
to the biomolecules 14. Because the sensor 11 is in functional contact with the 
material layer 5, a change in the surface plasmon resonance characteristics 
material layer 5 is caused, which change causes a change in the resonance 
phenomenon and leads to a change in the reflected electromagnetic radiation 
indicative of the presence of analytes in the sample fed to the sensor. 

The invention also relates to a device for carrying out surface plas- 
mon resonance measurement. 

The device comprises a source 2 of electromagnetic radiation for 
producing and directing a beam 1 of electromagnetic radiation through a prism 
3 onto a material layer 5 in such a fashion that the electromagnetic radiation 
meets the material layer 5 at an angle (a) of incidence enabling a surface 
plasmon resonance phenomenon. 

The material layer 5 at least partly covers a planar surface 4 of the 

prism 3. 

The planar surface 4 is adapted to produce a beam 6 of reflected 
electromagnetic radiation, which is reflected through the prism 3 and further to 
a detector 7 for detecting the level of intensity of the beam 6 of reflected elec- 
tromagnetic radiation. 

The device of the invention comprises a mirror 8 for reflecting the 
beam 6 of reflected electromagnetic radiation to the detector 7. 

The mirror 8 shown in the figure is a planar mirror 8. The planar mir- 
ror 8 and the planar surface 4 of the prism 3 are arranged in a plane parallel 
relationship. 

In the figures the source 2 of electromagnetic radiation is a laser 
and the beam 1 of electromagnetic radiation and the beam 6 of reflected elec- 
tromagnetic radiation are laser beams. 

The material layer 5 is preferably, but not necessary, a metal film, 
preferably, but not necessary, containing Au. Other SPR compatible materials 
are possible. 

In the figures the prism 3 is a semi-cylindrical prism. Angular prisms, 
for example 45-degree or 60-degree prisms can also be used 

The detector 7 used in the method is preferable, but not necessary, 



a detector capable of detecting beams 6 of reflected electromagnetic radiation 
reaching the detector at a certain area, for example 10 x 10 mm in size. The 
detector 7 is preferable, but not necessary a silicon detector, fibre optics bun- 
dle or any other light collecting and detecting device. 
5 The mirror 8 and the prism 3 can preferably, but not necessary, be 

rotated together with respect to the source 2 of electromagnetic radiation and 
the detector 7. 

The device preferably, but not necessary, comprises a first rotating 
arrangement 1 1 for rotating the source 2 of electromagnetic radiation together 

10 with the detector 7. A such arrangement is presented in figure 3. The source 2 
of electromagnetic radiation and the detector 7 are preferably, but not neces- 
sary, mechanically fixed to each other. 

In figures 3 the prism 3 is a semi-cylindrical prism having a planar 
surface 4 having a longitudinal midline 9. The source 2 of electromagnetic ra- 

15 diation is arranged to direct the beam 1 of electromagnetic radiation onto the 
midline 9 of the planar surface 4, and the first rotating arrangement 11 is ar- 
ranged to rotate the source 2 of electromagnetic radiation together with the 
detector 7 around the midline 9 of the planar surface 4 of the semi-cylindrical 
prism 3. 

20 Alternatively or in addition can the device comprises a second rotat- 

ing arrangement (not shown) for rotating the prism 3 together with the mirror 8 
as is shown in figure 2 In this embodiment the prism 3 and the mirror 8 are 
preferably, but not necessary, mechanically fixed to each other. In this em- 
bodiment the second rotating arrangement can be arranged to rotate the 

25 source 2 of electromagnetic radiation together with the detector 7 around the 
midline 9 of the planar surface 4 of the semi-cylindrical prism 3. 

The device of the invention can be used as a device (or in an appa- 
ratus) for detecting the presence of analytes in a sample. In this embodiment 
the device comprises a sensor for detecting the presence of analytes in a 

30 sample. 

The sensor is preferably, but not necessary the sensor presented in 
the application PCT/FI02/00763. 

In this embodiment, the sensor is in functional contact with the ma- 
terial layer 5. The sensor may for example comprise biomolecules capable of 
35 binding a specific analyte to the biomoleculs and the sensor is capable of 
causing a change in the surface plasmon resonance characteristics in the ma- 



terial layer 5 to which it is in functional contact, indicative of an increase of ana- 
lyte bound to the biomolecules. The change in the surface plasmon resonance 
characteristics in the material layer 5 leads to a change in the reflected beam 6 
of electromagnetic radiation. 

It will be obvious to a person skilled in the art that, as the technology 
advances, the inventive concept can be implemented in various ways. The in- 
vention and its embodiments are not limited to the examples described above 
but may vary within the scope of the claims. 



